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Several distinct exist in ibjans: free
tadpoles feeding on external resources, tadpoles or embryos feeding an
secretians from the mother or father, on their brothers or sisters, or on the
internal vitelline reserves of the egg. A new terminology is proposed for
these It i that generic should take into
account these developmental pathways. 1.6, that species with free foeding
tadpoles and species with other developmental modes should not be
classified in the same genus or subgenus. Artificial hybridization between
cladistically closely related_specics having  difforent developmental

could provide oth
ary and i Detall

are offered

how an
with cladistic information on felationehips, can be used in the generic
taxonomy of amphibians. A new term is proposed for the concept of
“relational taxonomic criterion” as defined by Dusors (1988).

InTRODUCTION

In frogs, recent data on unusually high numbers of species of the direct-developing genus
Philautus i S Lanka and southern India, as well as of species of the direct-developing genus
Eleutherodac tvius in central and southern America, led to the suggestion that such frogs are
submitted durng their development to “famulisl™, rather than “imdividual™. mortality. which
could facihiate allele fixation 10 1solated populations and thus entail a spectation pattern
different from that of other frogs (DunoIs, 20046} A suggested way of testing this hypothesss
15 through using metataxonomic data. ¢ g the mean number of species per genus. Among the
problems nisen by this appreach, however, 1s the fact that no vnified “genus concept™ 1s used
by batrachologists and that genera recognized m d.fferent groups are not equivalent by any
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Dusors 39

standard. This problem of the equivalence of genera i different groups was already discussed
at length elsewhere (DUBoIs, 1988), but these new elements lead me to come back to 1t under
a new light.

The purpose of taxonomy is not to please 1axonom|sls and ph)logcneucnsls. but lo

prov:de useful nformation to olher 1 and

i conservati I hysiologists, etc. Among ic categores, the
genus plays a particularly réle in this respccl as the gencric nomen is meluded m the nomen
of all species recognized by taxonomists and used for their works by other biologists (Dusots,
1988). If amphibian species do indeed show different patterns of speciation according to their
developmental modes, melusion of information on the developmental pathway would appear
to be a crucial information to consider when recognizing genera. Among other things, this
inclusion would facilitate the testing of this hypothesis, which is made difficult for the ume
bewng due to the fact that amphubsan specics bearing the same generic nomen may follow
different developmental pathways.

Before gong further, let us bricfly explore the diversity of developmental pathways in
amphibians.

CATEGORIES OF DEVFLOPMENTAL PATHWAYS IN AMPHIBIANS

Developmental modes are indeed very varied in amphibians, especially in anurans. In
me cases, all the pre-imaginal d: ! takes place away from the adult, within the egg,
laid in a terrestrial or arboreal shelter the embryo then depends only on the vitellus of the
eggs for 1ts resources. In other cases, the eggs are retained on the skin of the back or in a pouch
of the parent of one sex (dorsal pouch, stomach. oviduct) but does not receive any feeding
from the adult, thus depending also fully on the origmal vitelline reserves of the egg Finally,
ina few other cases, the embryo recerves some feeding either directly from the adult or through
eating some of the other embryos sharing its shelter within the mother's oviduct,

In the traditional usage of the terms “exotrophy ™ and “endotrophy ™ (¢.g . THIBAUDEAU
& ALTIG, 1999) it 15 not clear was 1s considered “outside™ and “inside™ {designated by the
roots exo- and endo-), 1If exotrophy 15 understood as “feeding from a resource external to the
embryo or larva”, then “endotrophy” should designate the opposite situation, 1.¢., “feeding
from a resource internal 10 the embrya or larva™, not “nternal to the mother or father™
Strictly speaking. 1n developmental terms the cases of feeding from resources provided by a
parent or from brothers and sisters do not belong in the category of endotrophy but are n fact
spectal cases of exotrophy thatshould better be designated under specific terms Using a single
category of endotrophy for such a variety of cases unmites artficially several non-homologous
modes of development dernved independently from the tadpole model As long as all the
observed situations are not placed in a phylogenctic perspective, comparisons and reviews of
these phenomena based on similarities and analogies (e g : LAMOTTE & LESCURE. 1977, WAKE.
1993, THIBAUDEAL & ALTIG, 1999} but not on homologies will be of limited evolutionary
mierest A better understanding of the evolution of these phenomena will require the

1 Development betseen hat hung and metamorphosis n species with feeding larsae or embryos). or before
hatehing .0 species sn which the embrs os rehes only upon the epg's siells reserses for sts development) tsee tab.
1. swhich resalts tn an mnago mmtature capy of the ad.lt but sextally mmature (sce DUsors. 1978 20044,
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40 ALYTES 22 (1-2)

obtention of robust clddxsuc hypolheses for the groups where these special developments
occur, and detailed genetic, bioct 1 1, ethological and ecol [ studies of
the species concerned, as generalisation of the obscrvations made on a few species may be
musleading. Another important aspect of such approaches 1s to have a clear and unambiguous
termmology to designate the various situations encountered m these groups.

‘Two aspects n particular must be distinguished 1n this respect. the place of the develop-
ment of the embryo or Jarva (in the external environment, or within or upon one of the
parents), and the onigin of the sutritional resources used by this embryo or larva to reach the
stage imago (in the external environment, or provided by one of the parents or by brothers and
sisters). The place of development 1s interesting from an eco-ethological and evolutionary
pomt of view, but by tiself 1t does not provide relevant categories for the comparison of
developmental pathways. For such comparisons, origin of nutritional resources is more
important as it has direct consequences on the ontogenetic trajectory Free larvae or embryos
feeding on external resources, even within a pouch, differ from embryos mamtained inside the
egg capsule in several respects, regarding breathing. locomotion or feeding' thus they require
precocious development of a functional digestive tract, earber than m embryos feeding
on vitelline resources, etc. Given the importance of trophic resources 1n developmental
pathways, for more clarity I propose to use WoURMSs's (1981) terminology and to expand i, as
follows.

Furst of all, I propose to abandon the unclear terms *“exotrophy™ and “endotrophy ™ and
to replace them, respectively, by ergosraphy {from the Greek ergon, “work™) for specics with
free larvae that have to find thewr food in the external environement, and argiotrophy (from
the Greek arga, “idleness, inaction™) for species whose embryos are provided with
food “passively™ or almost so. either from their own witellus or from the parents, brothers
or sisters (Dusors, 20045} Within the latter category, several subcategones can be dis-
tinguished.

The term lecithorrophy (from the Greek fecithos, “vitellus™) 1s adequate to designate
pre-imaginal development using only the vitelline reserves of the egg, without external
feedmg (Wourms, 1981). Within this sut Y, two nfraca 1es may be recognized:
lepolecitotrophy (from the Greek fempo, “I abandon™), in which the eggs are “abandoned™”
by the parents and develop n an external shelter. and stegolecrtotrophy (from the Greek
stegos, “roof, house™), n which the eggs are either retained 1n the female gendal tract after
mternal ferulization, or kept either upon or within one of the parents, after external fertil-
ization

The term matreniopin {from the Greek mater, “mother”) descrnibes development using a
secretion front the mother as nutritional resource (Wot Rus, 1981). In frogs thisis observed m
the two known species of the bufonid genus Nunbaphrinowdes (see e g : LAMOTTE & LESCURE,
1977, Wakk, 1993, THIBAUDIAL & ALTIG, 1999} A paralle]l situation, not considered by
Woukms (1981} as 1t apparently does not exist in fishes. 1s patrotropin ([rom the Greek puter,
“father™) for nutriion by a secretion from the father, In frogs, this seems to occur i
Rinodernia darw i, m which the embryos develop in the male vocal sac and recerve feeding
from the father, according 1o Gorcorcnea et al (1986) Matretrophy and patrotrophy are
nfracategories of argiotrophy that can be grouped in a more general subcategory of goneitro-
pin tfrom the Greek gosiers, “parents™). 1€ nutrition from a secretion by the parents,
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In order to have a set of simiarly formed terms, I propose to rename adelphotrophy
(from the Greek adelphos, “brother”) the subcategory recognized by Wourms (1981)
and many others as adelphophag) , for feeding on brothers and sisters inside the mother’s
oviduct. According to whether the brothers and sisters are eaten as eggs or as embryos,
‘Wournms (1981) distinguished oophagy from adelphophagy, which does not seem an impor-
tant distinction as 1 both cases the origin of this nutritional resource 1s an egg mside the
mother’s oviduct In contrast, he i d oophagy and adelph as a subduvi: of
matrotrophy, which does not recognize the fact that in matrotrophy a specific secretion 15
produced by the mother to feed its embryos. It 1s exact that eggs and embryos eaten m
adelpholrophy were also produced by the mothcr but the vitellus of the egg also, so that 1f

hy was to be dered a subd of matrotrophy, this should also be the case
for lecithotrophy.

Among all these developmental categonies, as far as feeding of the embryo 1s concerned,
goneitrophy and adelphotrophy are just special cases of “exotrophy™, not of “endotrophy™.

The general ecol I and devel 1 category argi including lecithotrophy,
gonentrophy and adelphotrophy, groups all species that are independent from feeding 1n the
external during their devel (Dusois, 20045)

Finally, the fact that in some taxa the embryos are kept within a pouch m one of the
parents s distinet from their nutritional resources. This can be accounted for by use of a
general category of goneiphory (from the Greek phoros, “bearing, carrying™), mcluding
matrophory and patrophory according to which parent 1s mvolved, but these are eco-
ethological categories, not categories of developmental pathways.

Table 1 summarizes the major features of each of the latter categories here defined, with
examples m amphubians,

DFVFLOPMENTAL PATHWAYS AND GENERIC TAXONOMY

In frogs, 1t 1s striking to note that, among 325 anuran genera contaming species whose
development has, at least superficially, been described (see table 3 m Dusors. 20045), 320 (i .
98 5 /) are homogeneous with respect to therr known main ecological and developmentat
category, 1¢. either ergotrophy with free tadpoles (227 genera) or argiotrophy (93 genera).
This suggests that most frog taxonomisis have, perhaps in part “inconsciously ™, followed the
“rule” suggested by Dusois (1987: 8-9), according to which frog genera contaimng two or
more different developmental pathways (such as ergotrophy with free tadpoles, lecithotrophy
n eggs in shelters, lecithotrophy m adult, adelphotrophy or goneitrophy) should be disman-
tled either as distinct genera or as subgenera of the saine genus. Recent proposals going in this
durection (e g : Dt gors, 1987, BosstyT & Dusos, 2001) have been variously accepted by the
comnmunity of frog taxonomists, some considermg that cladstic relationships are more
important than developmental mode as a basis for generic classification However. .t should
be stressed that there s no necessary contradiction between the two approaches. Principles of
“phy logenetic taxonomy ™™ (e g . DF Quiiroz & GaUTHIER, 1992) or “cladonomy ™ (DuBols,
1997) only require that taxa be holophyletic groups (AsLocK. 1971, Dusois. 1986). but there
15 nothing, at least consensually accepted, m cladistic theory to tell us how “hugh™ or “low™ in
the cladogram should be placed the linut between species-group. subgenus. genus, tribe, ele
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Therefore 1t could well be consensually decided that, as soon as two clades or subclades of
frogs display different developmental modes, they should be treated as distinct genera, or at
least subgenera (see below) This would have a strong advantage, that of delivering the
following clear message to the various categories of non-taxonomusts that are users of the
nomuna of frog species: “whenever two species bear the same generic {or, 1 some cases,
subgeneric) nomen, they have (or are believed to have) the same gross developmental mode™.
As shown above, there would be very little to change now to homegenize all frog taxonomy in
this respect, as this 1s already “almost™ done.

The frequently used formula “developmental mode™ should be clarified a httle further
here. The important poiat here is to distingwmish between different developmental pathways.
What is suggested here is to take mto account, in the taxonomic recognition of supraspecific
taxa, the difference between species that follow an ontogenetic trajectory such as that
described in the development table of GosnER (1960, leading to an ergotroph free tadpole,
and those that follow an alternative developmental pathway like those reviewed eg. by
THIBAUDEAU & ALTIG (1999) and evoked above. The important pomt is here, and not i the
place of development of the egg (in an external shelter. or inside a pouch in the adult) or even
1n the exact developmental stage at which hatching takes place Thus, it 1s not suggested here
that taxonomic recognition should be given to differences that can be considered “trvial™
with respect to the question here addressed, such as the fact that, in some salamander species,
hatching can occur either already within the female’s genital tract or after deposition of the
egg. but with a largely unmodified developmental pathway. In these different populations, at
least according to the published data, hatching occurs in different places but there is no
evidence that 1t takes place at different developmental stages or that the development table 1s
modified. Similarly, the term “vivtparity”, sometimes used (e.g., GARCiA-PaRIs et al,, 2003) to
designate salamander species that give birth to terrestrial imagos, is misleading This 1s just a
special case of ovovivipanty, where the embryos start their development with mportant
viteline reserves, the larvae later may feed by adelphotrophy and development contimues very
late within the female genital tract, but without exhibiting a particular pathway Incontrast,
the term “vivipanity” should be restricted to situations where, like in the mammals, the egg
does not have important vitelline reserves and the embryos develops thanks to nutrients
provided directly by the female in the genital tract. i amphibians, this situation 1s known onty
1n the bufonid genus Nimbaphrynmdes

For the time being, only five anuran genera out of 350 are considered to include both
argiotroph species and ergotroph species with free tadpoles (THIBAUDEAL & ALTIG, 1999) (1)
four American genera Adenomera Steindachner. 1867 (Leptodactyhdae), Colostethis Cope,
1866 {Dendrobatidae): Gustrotheca Fitzinger, 1843 (Hylidae): Pipa Laurenti, 1768 (Pipidae):
(2) onie Malagasy genus Muntidact Jus Boulenger, 1895 (Ranidae). In all other regions of the
world, all anuran genera are g garding their known pathway.
Detailed comparisons of developmental pathways between members of both groups are
available 1n some of these cases only (e g . WaSSIRSLG & DUELLMAN, 1984), but 1n the cases
where the developmentdl pathways will prove to be significantly different, 1t 1s here aguin
suggested that this should be taxonomically recognized Nomina are already available to
designate the genera or subgenera that would result from dismantlement of the genera
Colustethns (see DUELLMAN & TRUB. 1983). Gastrotheca (see DUB0IS, 1987), Manndacts s
(see GLAW & VENCES, 1994) and Pipa (see GORRAM, 1966)
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Besides, two anuran genera are known to include two different kinds of lecithotroph
development (THIBAUDEAU & ALTIG, 1999),1 ¢ both stegolecithotroph and leipolecithotroph.
In one case (genus Eleutherodactylus Duméril & Bibron, 1841; Leptodactylidae) the eggs may
develop exther within the mother (Eleutherodact) lus jasperi) or in an external shelter (all other
known species) In the second case (genus Lewopehna Fitzinger, 1861; Leiopelmatidae),
lecithotroph development may occur within egg (Lewpelma hochsiettersy or in a dorsal pouch
of the father (Letopelma archeyi and Leropelma hamltoni). Detailed study of the development
of these species are needed to establish whether their developmental pathways are similar,
despite the difference of location of the developing egg, or significantly different. In the latter
case, 1t would also be better to recognize subgenera in these taxa, and here also nomina would
be available both for Eleutherodact)lus (see HEDGES, 1989) and Letopehna (see WELLS &
WELLINGTON, 1985).

DEVELOPMENTAL PATHWAYS AND HYBRIDIZATION

Criteria for recognition of taxa can be sorted into criteria for thewr delimitation and
criterta for their rank assignation 1n a herarchical taxonomic system. As well clarified by
SiMpsoN (1951, 1961), criteria for delimitation of taxa include criteria for inclusion and for
exclusion, and all enteria can be arbitrary or nonarbitrary. The topology of a cladogram, taken
as an accepted hypothesis of relationships between species, can be used as a4 nonarbitrary
criterion for delmitation of taxa, but 1t provides by 1tself no criterion for ranking' the
cladonomic requirement of holophyly of taxa allows to recognize them but not to allocate
them to any category in a hierarchical system A possible “simplistic”™ attitude in this respect
is to propose the suppression of taxonomic ranks. but the tuerarchical structure of taxonomy
15 critical m allowing the latter to play its réle of a “convenient information storage and
retrieval system”™ about taxa, their characters, distribution, evolution, relationships, etc.
(Mavr, 1981+ 511). It should therefore not be suppressed, but made more useful and more
general 1n using nonarbitrary criteria for ranking that allow at least a certamn equivalence
between taxa of same rank mn different groups (see e.g.: DuBors, 1988, 66-73, and references
theren, Avise & JOHNS, 1999).

Among other criteria, several authors (Van GELDER, 1977; Dusois, 1981, 1988; PLa-
TEAUX, 1981) supporied the use of hybridizability as a nonarbitrary criterion for me/usion of
different species in the same genus. Interestingly, beside being « criterion for taxa dehmitation,
this1s also acriterion for ranking On the other hand, Dt Bo1s(1988) insisted that this criterion
should never be used for exclusion, In other words, according to this criterion, the fact that two
species are able to give birth to viable true diplotd adult by brids 1s to be used as evidence that
these two species belong in the same genus, whereas the absence of hybridizability provides by
stself no useful mformation for the generic allocation of two species. It 1s important to stress
here that hybridizability of species, as strictly defined by Dusors (1988), 1s a taxonomic
criterton but not a phylogenetic criterion, s there 1s no direct correspondence between
hybndizability 2nd cladistic relationships, hybridizable species are not necessanly cladisti-
cally sister-species, but may be quite distantly related {see e g the case of European green frogs
of the subgenus Pelop/nluy GUNTHER. 1990 258) Reasons for this are easy 1o understand. as
this 1s lmked 1o the necessity for closely related species to develop 1solation mechanisms in
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sympatry ot parapatry, but not m allopatry (see Dusors, 1988) Hybridizability (or its
absence) between two species 1s not a “character™ of any of these species, and is therefore
neuhel plestomorph nor apomorph: if it were so, each species would have mullions of

ding to 1ts potential hybidizability with all other living species. It is rather a
“relational taxonomic criterion” (Dusots, 1988), or more shortly a relacrer (from the Latin
relatio, n the sense of “relation between two things™, and character, in the sense of “character,
mark that distinguishes something™). Relacters are of various kinds, as discussed in detail by
Dusois (1988}, e.g., sympatry-parapatry patry, parasitic i logical competi-
tive exclusion, presence-absence of a hybrid zone and of a gene flow between two parapatric
entities, etc. Using such a relacter as hybridizability to build up taxonomies 1s a way to
acknowledge that taxonomy does not rely only on characters and relationships, but on other
kinds of information. sinularly, the absence of gene flow in the field between two parapatric
entities is a way to establish the specific status of these two entities, although the two kinds of
mnformation on which this decision 1s taken (parapatric geographic distribution and absence
of gene flow) do not pertain 1o any of the two entiies taken by itself, but characterizes their
relation

Just like the criterion of simmlar developmental pathway discussed above, the principle
of hybridizabihty as a nonarbitrary criterion for imclusion i a genus can perfectly be
used within the frame of a system of phylogenetic taxonomy* one just has to place the
“bar” of the genus rank just at the level of hybeidizable species pairs, and use consistently
the principles of c]ddonomy for all other taxa. Ad»antages of lhxs system upon any
other arbitrary or * of genera were d 1 at length elsew hy
(Durois, 1988), The new question that may be asked here 1s: what can be the relationships
between thss criterion of hybridizability and the criterion of similar developmental
mode?

Although a number of artficial hybridizations have been carried out i the past in
amphibians {reviews 1. MONTALENTE, 1938, MooRrr, 1955, Brair, 1972), none of these
reported experiments involved argiotroph, particularly lecithotroph, anuran species, either
between themselves or with species of the same groups having free tadpoles. A rapid 4 prior
thinking might suggest that there 15 no need to try such crossings, because of course the
“developmental program™ of a species with tadpole 1s unlikely to be compatible with that of
a lecithotroph species, and such a combination appears boand to fail at a rather early stage of
development However, until the expenience is carried out 1o different anuran groups meluding
both kinds of species, this possibility cannot be theoretically ruled out. In amphibians,
hybridization can at least partially succeed between species with rather different develop-
ments (e.g . MARTINEZ Rica et al., [984). and m fishes 1t can be successful, at least up 1o a
certain pont, between species that are considered only distantly related (e.g . WHITT et al,
1973)

Particulurly mierestmg in this respect are the works on the [rog genus Gusirotheca by
several authors (Di1 Pino. 1980. Scantanet al. 1980, DiL Pino & ESCOBAR, 1981, WassiR-
sUG & DUrLIvAN, 1984) which suggest that m this genus lecithotroph development was
plesiomorphic, but that, m several distinct groups of Ingh altitude populstions, a reversal to
a development through a fiee tadpole stage occurred Under such a scenano. rather than &
replacentent of a developmental program by another. what would have occurred 15 the
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appearance, possibly through phenomena of duplication of regulatory genes (GouLp, 1977,
RAFF & KAUFMAN, 1983), of a new developmental program beside the initial one, which would
be conserved in the genome, but unused, “in dormancy”, in some species. The possibility of a
“switch” from one program to another, on the occasion of speciation events, would allow
these frogs to adapt to new ecological conditions or to conquer new habitats, Such a scenario
may have developed 1n several groups of frogs including both ergotroph with tadpoles and
lecithotroph specics, and indeed the possibility of 1ts occurrence m the genus Philautus 15
suggested by the topology of the cladogram published by MEEGASKUMBURA et al {2002a)- if
this cladogram was confirmed (but see Dupors, 2004a), lecithotrophy would have appeared
independently twice, 1n two groups of species (the Indonesian-Indochinese, and the Indian-
Sri Lankan, ones) nested within a clade of ergotroph rhacophorids.

If two different developmental programs can indeed be conserved in paratlel in the
genome of some species. then this would open the possibility of successful hybridizauon
between species having different developmental pathways: i the early hybrid embryo, the
regulatory genes of one of both species might “take over” those of the other one, and
“impose™ the use of one developmental pathway At this stage, this suggestion 1s purely
theoretical, but experimental testing of this possibility, between closely related species having
different developmental modes, might be very rewarding Given the difficulty to carry out
such hybridization experiments in all rigour (with control crosses, caryological and electro-
phoretic assesssment of the real hybrid, and not gynogenetic, nature of the embryos, etc ; see
Dusors, 1988), such experiments would certainly have more chances to be successful 1f carried
out with fresh animals just collected in the field, 1.e close to their natural populations in their
native countries.

Should hybridization prove successful, in some cases, between ergotroph and argiotroph
speces, this would require, in order to follow both the hybridizability criterion (DuBos, 1988)
and the cniterion of similar developmental mode (Dusois, 1987), to place these species m
different sabgenera of the same genus. If reversion from one developmental mode to another
occurred independently in several different groups, these groups should be treated as different
subgenera of the same genus, as suggested by Dt Bols (1987) in the genus Gustrotheca. On the
other hand, m other cascs, e g 1n groups where lecithotroph species are not known to have
closely related species, 1t may be unhkely to ever find ergotroph species that would have
retamned the ability to hybridize successfully with them. In such cases. if there 1s no conflict
with the other criteria suggested (DURois, 1988: 76-77, 105-108), the two groups should be
recognized as distinct genera, not subgenera.

DETAILED PROPOSALS REGARDING GENFRIC TAXONOMY

In zoology. the establishment of supraspecific taxa and of thewr taxonomic ranks, under
the guidelines suggested above, can rely upon several nonarbitrary crteria In frogs, among
other critena. three powerful ones are holophyly of taxa (delimitauon criterton), common
development pathways of species (dehmtation criterion) and hy bridizability between species
{both delimutation and ranking criterion). To make clearer the hierarchical relauonships
between these critena. the hypothetica cladograms presented 1o fig 1 can be commented in
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some details. All these cladograms, involving six species, have the same topology, but include
different kinds of information regarding developmental pathways and hybridization As will
beshown in detail below, 1n some cases the use of the criteria presented above lead to clear and
unique proposals regarding taxa that should be recognized as genera or subgenera, whereas in
other cases these criteria alone are not enough to decide among several possibilities: in these
latter cases, other criteria must be used to go further, as discussed e.g. by Mayr (1969) or
Durors (1988), but these further steps won’t be considered here.

In the three cladograms of figures la-c, no information is available regarding hybridiza-
tion, but some specics are known to develop through a free aguatic tadpole stage, whcrcas
others have lei b d e.g. direct devel m eggs d dm
terrestrial shelters. Accordmg to the proposals above, genus rank should be afforded to
groups of species that share a developmental pathway In order to respect the principles of
cladonomy, 1.e. to recognize only holophyletic groups as taxa, this results 1n a different number
of genera according to the distribution of developmental pathways among the six species.
Note that in the situation of figure la, the use of this criterion alone does not allow to decide
whether a single genus, or a genus with two subgenera, or two distinct genera, should be
recogmzed among the four species with tadpoles, but in the two other cases no such
uncertainty exists.

In the three cladograms of figures 1d-f. no information 1s available regarding develop-
mental pathways, but data are available about some pairs of species that are known to be hable
to give birth to viable true diploid adult hybrids. Here also, n some cases the information
provided by hybridizability does not allow to choose between several generic taxonomies, as
hybridizability is only a criterion for inclusion (1.e for grouping species in a single genus) but
should never be used for exclusion (1.e. for splitting genera) However, in some cases, like that
shown i figure 1f, information on hybridizability of two quite distantly related species may be
enough to stabilize the genenc taxonomy of a whole group.

Now, let us consider the consequences of combining information on developmental
pathways and information on hybr bifity 1n a single clad. . Crossing the three
sttuations of figures la-c with the three situations of figures 1d-f gives nine different situa-
tions, presented n figures 1g-o Taxonomuc decisions 1n these nine situations must follow a
hierarchy between criteria, as proposed i detail by Dusors {1988: 82-84): according to this
hierarchy, data on hybridizabihity must be used first, to estabhsh which species cannot be
placed in different genera. Tlas means that, 1n the hypothetical case (not yet known to be
indeed possible in some groups of amplubians) where species showing different developmen-
tal pathways would be able to give viable true diploid adult hybrids, they should be placed in
the same genus: but then they should be referred to different subgenera Such hy pothetical
situations are shown 1 figures 11, 1k, 11, Im and [n After the criterion of hybridizabihty.
developmental data should be used to split further some genera mio subgenera (i the
exceptional case just mentioned), or, more frequently, to decide between alternative generic
taxonomues among which the hybridization criterion alone does not allow to choose Thus, n
the situation of figure 1d, hybridization data do not allow to choose between recognizing one,
two or three genera. In figure 1 g, developmental data allow to recognize a distinct genus for
the species Sgl and Sg2, but stll do not allow to decide between one or two genera for the
species Sg3 to Sgé. this decision will have to rely on other pieces of mformation In contrast,
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Fig 1.

-l lationships between six frog
~species and provldmg lnformdllon on their developmental pathways and

between them. A of taxa include a capital
letter for rank of taxon (S, species; SG, subgenus: G, genus), a different
lower-case letter for cach subfigure (a, b, c), a number for each species or
genus, sometmes Followed by a letter for subgenera within & genus. thus
$Gda s e first of the two subgenera of genus 41 figure |1 The symbol
1 mdicates species with frec aquatic ergotroph tadpoles and the symbol 2
wndicates specics with leipolecithotroph development (direct develop-
ment in eggs deposited in terrestrial shelters) Species liable to give birth
to viable true dipioid adult hybrds are connected by the symbol 3
Genenic and subgeneric taxa recognized on the basts of the mformation
provided are shown at the top of figures as square brackets that can be
continuous line (1n the case of nonambiguous taxonomies, symbol 4 for
genus, symbol 6 for subgenus) or composed of hyphens (in the case of
several possible allernative taxonomies, symbol 5 for genus). (a-c) Only
mformation on developmenta) pathway 1s avarlable. but none on hybrid-
1zaton (J4-£) Only mtormation on hybridization 15 available, but none on
developmental pathways, (g-0) All possible combinations of cases (a-¢)
and (d-1) with both kinds of mlormation available
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1 figures 1h and I, the combined use of the two cniteria here proposed allows to decide
without ambiguity which groups should be recognized as genera, and which as subgenera.

As discussed already 1n Dusots (1988), supraspecific taxa defined under such guidelines
are likely to be more informative than taxa just recognized by sumple “consensus” but without
any clear theoretical background. After a brief period of change, the new taxonomy may
prove more useful both for taxonorusts and non-taxonomists and for various kinds of studies
and comparisons. As mformation on hybridizability and developmental pathways, once
obtained, 1s not Jiable to change (in contrast with the topology of cladograms), a genernc
taxonomy using these critenia would be more stable in the long run than a generic taxonomy
based on cladistic hypotheses alone, but ignoring these biological cnteria,
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